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(57) [mm 

mm] G a NUt^WjSftSgOfiaX hftAill 

] i"Ja >#> 6R£-2>»S 1 CQJbtcA 1 N Hp 
1 ©H 8 i G a N*i6)S€>» 2 CDd 9 i 
K«$t«Jt U/c*^©^* ';7t12 A', 7r 
Jf 2<D±KHEMTfST-ffl©^l:;tf y ^A^^OSf*:^ 





1 

y 3 >x«-> y => ^vcsmip t>fcz> wsl t . 

fcSI 1 ©iUffi. ffl 2 ©£WffiRWWW*K£ 
fk^S; A l,M,Ga,.,.,N 

CC-C. iiifsBMfct. In (-f>i^A) iB (*'P>) 

MfBxRVy«, 0<x£l, 
0^y<l, 
x+y^ 1 

ft^SC A 1 1 M l Ga,.,.»N 

CCt, HUl3M«I n (-f>i^A) <tB £ 

fr^MiR $ txtc'PU <iti ScDtc*. 

flJEa&tfbfct. O^a^l, 
0^b<l, 
a + bSi 

[»*^2] mfiam 1©JB«A 1 .Ga.-.N^fiS 
0. HufB^2©Jl« > AI.Ga^.N^^Ci^ 

at t f & it mm i 

[«*a3] fuiBSf 1 ©gt£A 1 , I n,Ga,.,., N 
fflriB^2©JSB. A 1 . I n t Ga,... t N* 
. H«IB» 1 RCJf»2 ©»©il>tt < t I n 

i fB*8©3us#isg,, 

[f»*^4] HofBlS 1 ©Bli. A l,B,Ga,.,.,N 
rt^l&O. MfB^2©Jl«, Al.B^a,.,.^*^ 

*jS<*i£g„ 

[fft#l| 5 ] ffilB^' 2, 7rltt, «£SE©fu!Blg 1 SO' 
*2©»*>e»(dS»K «WB*l©Jf 48iTieSi2©Ji£#5£ 

stc»JBsnr»,>ici%!t$«ir*iii««ix«2x 

tt 3 Xtt 4 f B*g©¥2§f*£Sg„ 

6 ] buIB^* 7 r HfCfcW SiitilBHf 1 ©B© 
0 . 5 n m~ 5 0 n mRtfiiufBSf 2 ©B©J?<&# 
0. 5nm-2 0 0nmrWCi^!|tiit5a*l 
1 Xtt 2 X« 3 IB4K©¥«f*«g 0 

[««57 ] mr§BS«©HuiB^' » ^ TB^iegsnr 

l>£flPJ©±B«. 5 ^-}gSS!T^-r^ a ^©ffi^{4K*j^ 
T ( 1 1 1 ) + x hWXte (111) ffi#>6-4Jg#> 
6+ 4a©taHT<St,ir(,^ffi-C4>-2> C i 



(2) $Jg{J2 0 0 3 - 5 9 94 8 

2 

»jj&b i nmo^m&gim. 

[»«3H8] ffilBSttW$fc£'0l¥«tt»U:. G a N 
(^k**y r>A) d. A I InN (^{k-f >i^A T 
Jl/5-^A) m. AlGaN 'J AT.il/ 5 - 2 

A) B. InGaN (SM'^A -OS^A) B. 
MA 1 InGaN (^kX/'J^A A T;U 

*»5iaH i fB«g©*^»^g, 

10 ^^Jf^-rS/cfe©a^©^ft:ll^6«E0. BuiBfSl 

w >«®-c* o . mriB$ijffl)mffi« FsiiT*5ci 
i o 3 ffim¥m#mwit> mm?®mm v ? 

l/V>X% (HEMT) *Bf&-?Ztc#>(DW.9k<D¥-m»m 

mum 1 1 ] mfB¥m#mm*> * % >i> ■ * s a > 
y * ^wsmi i-7>yx$ (mesfet) tBtii-r 

S/c*©«£fc©¥>g<*B#>6J&S C S»3fc 
20 9 1 £«©¥«&£■. 

t»*« 1 2 ] mimjh\t&m¥mfc*mirz>¥m&. 
frhf&zm&zmM-rzxmt. iwse*«©±k:. mta 

ik^iS A 1 ,M v Ga a _,. v N 

CCT, fulBMB. I n (^>^>?A) iB <*D>) 
i*»6»JR3nfc^>J!c <iil «©^c3g. 

l9ExRVy«, 0<x^l. 

0Sy<l. 

30 x + ygl 

-fk^ A 1 ,M.Ga a ... k N, 

CCT, UieMttl n (^>^-?A) tB <!: 

*>6jltR3nfc^i>% < £ 4> 1 @©7n^, 

IJSaRtKbtt. 0<aSl, 
0^b<l, 
a + b^l 

*mS.2i*Z>mm, r^StiStt*4*6lS4*2©JBt 
40 rB©±tc. 'PU < i 4 1 -3©^b^«fk^*^B 

J£fiRTSIg£. WBB^fl«T-ffl*JiW*««©«ffi± 
iC® 1 Riyf»2 ©i*Si«lffll*«t ^BfiK-r^I^i: 

**-r*c i*it»trs^«»sgi©Hjs*ffi. 
C^©»HBftSiW3 
[000 1 ] 

^^fflt^cMESFET^HEMT^C^jg^gRO'-S-©^^ 
50 [0 00 2 ] 



C3) 

3 

(Metal Semiconductor Filed Effect Transistor) ^> 
iSST-^Sbah5>^X^I|l%HEMr (High Electron Mo 
bility Transistor) HO^^ftf J* J Xte&ftlXfo 

r^L//cC^S/cttAlN^6J®4iSiav^^7TH (t* 

[ 0 0 0 3 ] UESFET%Bf8 l '?Z>m&lCte s W -r 

ATfrhfch mB&Mfc<D±bC GaN£ tc « Al N#> e> & {& 
y y r m * ft L X Si % F - V 0 tc n0GaN» frhf&Z 

Sffi, FW F««*^j£T£. 

S<D_BC GaN$ tc fit A\ 6 ffiS^' ^rlS/rlt 
# F - ^©GaNfr e>fi£ 4*^jetf JRBP % * + * >Hi £ n?fc 
AlCaN^€>flt4«-?tt*&Jl*S)BC / TJBfiSU, H^«if& 20 

[0 0 0 4] 

fb# y o A»x«»b«j**w#aBtt, m%i<D J: 5 tc 

>f > ^ R§ (cl eavage)^C J: o t5) OWL T flgfiR 

&mmvg>-otc. gtc, yy 7 jTitmmv&ztcifo. 30 

T»%^ur*»rfifbtt*fb^¥^iB**saiiSfi 
ffttf, if y r -fr*tR±«:Jt«WTfia»b«»{b^ 

&AlN#>6/££(Ki&^ 7 7l^MUci^ Ifit 
«fiSag i & 5 T > <* x r «?fe L & I {£S^* 
>y r8«^St«CDGa^Al*^/cT^y rXJSift 40 

*s*, a»&t>^*7«Ftt#»6tia<44. cow 

H*fB^T4*ffiiLr. 2000-29932 5-^U£, ^ 

y 7 t M £ * + * t <omc Al GaN© £/r*± $ i± r v 
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*$ntl^ 0 L*iU,.A1GaNB(D^&ttxtr* 

AlGaNSCDAlS^Jl^^J^Sn, teJUd: LT+^CC y 

[0 00 5] Ssfc. *)ryy 4TWm>WEM$m, 0.12 
6W/cm- Ki/hSt^ Z<DmttptfC§i&T2>M 
ZCt&XZ?. ^^^(DWH^fiJff 

C^c 0 |g&C\ GaN^HEMTC^, — S§ tC GaN@ CD JL C C Al GaN 

CCAlGaN^^SSS tf fc*B^ tS^SCC <t 0 AlGaN^CDffi 
rt*f««C5lo3lOS*»*3-B l S. Z<Dfcjj<Dtc£>. ft 

T*PW®CC^MV/cmiC^mW^*T^ 0 COIW 
CCJ: ^ ^^;b^^C«10 13 cm" 2 X-Zco^Xjvn^tfx 

FU-f>«ift*itftl3-a'4Ci^-C#4 0 CCDCi^G 
aNH(7)±CCA 1 GaN*»iLfc^f ufSSSSL 
/cGaNSHEMT(DfiJ^^ 0 

[0006] -^y 7 -<rwmm\m^h 

IST-^tCjaHL/cAlGaNttJCD^I-oSBOM**^ 

C<Dtc#>, 2DE<mn*m&i>1£ t TL, AlGaN/Ga 
I^HEMTCDttffi*+»K:#6»"C*3tj:^ 0 
[0 00 7] ^cr\ *»?8<3DBWtt. ±J60IWH^{* 

* 4ab»*Yb^^#*ffl^fclWESFEr«>HEMr 
[0 0 0 8 ] 

< i£ i o<Da{b»^b^^«#JB*^r^s*a» 
mmmtzffiz., wan**?? th«, 

^fb^S; A l x M v Ga u . x . v N 

CCt, fMEMW, I n (-/>^^A) iB (#U>) 

0^y<l, 
x + y^l 

^b^ A 1 .M.Ga^.^N 



5 

CCT\ HWEMttl n (^>^A) £ B £ 

0^b<l, 
a + b^l 

[0 0 0 9] MjPR 2 te?jVr<fc 5 fc, MiBJP 1 <D 

m%A 1 ,Gai. x N, l!?tB^2CDJl£ x AlaGa,., 

fuiB^l(DH4A 1 , I nvGa^NiU 1512^2 
©■ft, ALIn^a.^NiU IfflBSIl RtfSt 
2 ©»<D^tt I n (-r>i^«JA) 

<DJf£, Al.B^a^.vNiU fufBlg 2 <DJf£, 
Al.BbGa^NiU, MIB^ 1 mm 2<Dm<D'P 
&<i*>— *CCB 4tWCim« 0 £ 

IB^ 1 <Om<DW?*i$ 0. 5nm-50n mRZfm^m 2 
<DJB©JS##*0. 5nm-2 0 0 nmt*^Ci^J 

©W^CiitcfciiT (1 1 1) ^t^ hffiXte (111) 

«!»{fc^»*»««tt, GaN (IfWJOA) « % A 
1 I nN (^{b^>>^A T)V$~OM>) JB, A 1 G 
aN (gfbtfV^A T;l/5^^A)@, InGaN 
(^b#y}A ^>^A) n % 1 InGaN 

4»«T5fc»0«»CD*i|»liL, «HEJfl 1 <D3E* 
i*V-^Sgil, «WB»2<D3E««* KU-f>«« 

n¥&W6LYvZstsXZ (HEMT) SMtSfcftO 

z&mrm&v visit (mesfet) Srj&ntrs 

912{C7ntJ:5K:. »b«f*<b^B^z»ft*Wri^ 
#i*iia©S{jg^6c*jc^r, i/ya>XBi/y ^Wb 

it¥j£ Al x M ¥ Ga 1 . x . ¥ N 
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6 

CCT\ WBMtt, I n (^>5^A) iB (*D>) 

0Sy<l, 
x + y^l 

fb^ A 1 .MfcGax-.-bN. 

CC"C\ fifBMttl n (>f>^^A) i B <#P» i 

10 ttHBafttfbHU 0<a£l, 

0^b<l, 
a + b^l 

*»jas**aMi. -c^3*ist*3f4*»e)fiS4^2©Hi 

tBcd±cc, 4>a< i i o<D»bM«fbdtt¥9»ll 

«:» i &v#2 ©£w«±#j©*«£ **flw*xs£ 

20 [0010] 

^y=3>^b^»*6J5at*a«*«ffl-r4or, tm^* 
( 2 ) *©±ncc»jsstifc«^s@»3W^ y 

n > <b GaNcb <DBfl©ffi* SSI 1 ©/I 8 £ « 2 <DJi i 

cc, »b»**^««**SS*tt*a»iLr^^^RR 
©±fficc^fflttcc«nfca^b»**»*««*je!«-r* 

(3 ) UI1(DJ!8 i»2©JB9i©«^lifr6ias^ 
40 7 7 7 l(t S£*cDGaN^A 1 N(D*— JB^€>»SE3 
ti ^ (SS^ ^ v v r /I Ccib*5 U T ttSfiEg 5 -if S C 
£^T?#S. C<Dtc$>, mmmt%;Z>T>*:~T$:Bk!ff 
tf£ C <t*«r*. ^< ^ 7 7ltt7^ib7 r XI 

+»«c/hs< racier*, y-*«*<D«^*i»ji: 

(4 ) r -<T«:Jt«Lrl»e»*«:«ti* 

^> y a >XBV y ^ >Yb^«*> 6JB«l3ti*o-e. 
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■&*C£**r#. f^VXOfE, 5PJ»«OWI*tt*sA 
>^^A^ntt^ 0 SlRyS2©l0^<(!: 

fc-**-f>t>-?A«:dt?afb!»*{b^»**ft (Sib 
Y>y*AJMb£tt*i»tt) <b-rfttf, &K££{b«£ 

zmt4>WAftit&to*m#. mm* i nN. i n 

GaN, A 1 InN, A 1 I nGaNItt I n*flte5oE 
GaN. A 1 NI?CCtb«L/T, is y >X«Sx y ^>it 

^fr%f&zmmtmB^mk&£K>mi-r*> 0 c<Dtc 

> ) *** tt(r^< v ~y ~f m <fc 0 & ^> U 3 >x«^ y a >fb 
> y ^ >xtt2" y 3>^ft*6j5S&»«4»t» 

*ffiCD®^(i^r (111) + * hsxte (in)y 
7*IP ft JgH 1 l/^;l/TOXf y^i<tCi Xtt£l>ft < 

raci^rgSo feu (1 1 i) s^+^hn^s© 

*B<&fta**s 0 c*Hc#fuc, at££>iffi£ ( i l 
JBJSRSti*. St#Sl 2<D£MBK:J:hfcf, Wtt©ftc»* 
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[001 l" 3 

[0012] HiCC^-r*IS9!©SfiriOllttJB««:»4HE 

y y rm 2 ±HEMMi L m¥m&m.m3 tm 1 ©iii u 
iwawst it©y- m@6 tmmmi 

10 & e 

[0013] HEMl«^*a»ft««3tt, K — ;7" 

©CaN*>6>^S*T-4tf B 10<t, # K -^CDAlp . , Ga 
o.»N3!)>6iS^-tll l<b, r^^^JiL/TSiCD 

2i4flt^S 0 ^ffl¥agfr«J*3©&Jf 1 0. 1 

^b^¥«{**>6ja£. ^:7yJB2<D±K:ffiH3*l 

<DX$>K), m^\t. 5 0 0 nmCD/!^£WT€> 0 «^ 

20 tfg i 0(D±cciEg3*i/c^^— y-js i i \tmmti n 
^-vm i i <D±icmm2titcm+i*i&m i 2 ^rsttn 

09*tfl OnmCDJl^^^-r^o V-^S145 
V FU^>ti5aimi&l 1 2 fc*- 5 ? ^sa* 

Jtcfc, V-X«i4aVKU>f>lft5il 
2iOIBCCn?(J^iWififl[CDWl^>*4' h 
30 »*»W4Ci3Wr*S. S i 0 2fr&SSS»IMi7tt 

[0014] S^f«*&H 1 2MX^-fi 1 1 tt«< 

XfaMzmmfctLxmrn-rZo m^x. h emtcdisj 

1 1 . m^j&im 1 0 1 x^-vm 1 1 , m-n^m 1 
2, Fi/-f>*S5©«Bn?#»n4, com+o 
ffim\i%mm<D : $Lti u v mm e turns ti& mwn 

40 [ 0 0 1 5 3 mm 1 LXB (# 

o»f©3 j^Tc^^^t? p y ^ >$Mb b b^ e^s 
4o cossi ^^7^T»2*5BBasnTCi*wjc[)i 
Mi a «. ^ 5-mmxtti&ik<Dmjjmc$$t<>x < 1 

ffi. Wxtflxi0 13 cm- 3 -lxi0 ,6 cm- 3 ggt 

0 Q • c OOQ-c mISr*5 D S« 1 « % ib 

KWWtifi3 5 0/im©S***^ ^Nf*i«3SCJf 
50 A^7ri2(D5:^iUritlt4 e 
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ESSftfc^*7yJB2tt % «ifc<Dfgl <DJf 8 chjSgfc© 

HIRteH:* a',7 7 12H 2 0{!<DKtl<D 
H8 i2 0f@<Z)lfr2<DJI9 ct£^-r& 0 
[0 0 1 7 ] m 1CDJB 8 tt, 
^b^SC Al I Ga l .,N 

ccr, xB0<x^i4ifi«ffi©»«, r^r 

A 1 N0i{bT^5 -^AXXfcfcA 1 GaN (ttfbtfU -5 

Bi&r'te , tuia^cD x^its n/cttsccffls-r 5 a i 
N (^br;i^.^A) #m©»8cc«fljs*veir> 
So *i<D»8tt, *ft«tt*w-rsfl8}»c^«ir*4. is 
1 cons <owMmRimmmfmtm2 <dm9 * o t 

[0018] ^2©»9«, GaN <SWb#y?A) X 

{b^Sl AlyGa^N 
CC"C, ytt % y<x, 
0<y< 1 

4«<»C>IfrC*4. S2©i9iltAl v Ga 1 . ¥ N 

*§^fctt, Al (TJl^~»i7A) CDJfAtCiO^TS 
SftCD&4^^^^*B5< f A:»tCy«:0<y<0. 8 4 
tfSST&filBP^Ocfc 0 W^<IoO. 8<£flfc/h3< 

CDJf 9 tt, ±i2{b^SCtCteW £ y = 0 CCtB^-T £ GaN 
#>6J&£ 0 miie^2CDJ14, fb^5£ A l v Ga,_ v NC 
cr, y«y<xM0^y<14i£«m rft 

[0 0 19] ^-;7tI2©81 ®»8<D*?SLt>J5# 
te, 0.5nm^5 0nmlP^5-5 0 0t>^hD-A 
T$>£ 0 »l©)B8(D/S*^0.5nm*?Stcr)ti^CC«y'C 

m££gx.£4, »1 CDg8 i^2CDH9 iCDt§^-^ 

R»* 1 (DM 8 <hSffi 1 4 OttKSKflHRSfcjgH L 
r»i<DJi8rtK:^-r*3loSR«3ffi*6cj:0, Sio 

[0 02 0]*2Oi9CMf*Hi»*B, 0. 5nm 
-2 0 0 nmIP^5-2 0 00t>^ hP-At?* 
€> e »2CDB9CDJ1^0. 5nm*jfi©ii^Ctt, ^ 

1018. S^^^TlB2±CCScfi3ti-5* : ?-fli** 

»2©t90»W2OOnm4fii5i, lg2<DJ19 
cb3£ 1 (DM 8 4 (D^^tC^H COM 9 rt&C|£ 

Sffi«lS*6C cfc K) ; ^t*;H10 (DS^S^fi 
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TLtHEMT<D«tt^btS. Mfc#SO<tt. Jfl 
2CDH9 <D/S*43r 1 ©J18cdj?#J: < "T S<D# 
<fcl> 0 CCDi^C-rtU*, ^1 ©/I8 <tlfl2<D/f 9 <t<£> 
S^^iS^S l.<Dg8 4S« 1 tom&ffi&mMtiC 

mm oxrn 1 <dh 8 cc*£-r s^kdi9 

[0 0 2 1 ] JXK. f 1©18#AIN, »2©19*i 

10 Ga N<t £ titc^m&mmwm&vMmr&zi&w? 

[0 02 2 ] $*T, 03CD (A) ^1-pCT»^# 

t(lll) >>*x hB, IP^iEfitft (111) ffir& 
£o brt>u S3^^^ror^T ( I 1 1 ) Zs + X h 

20 4° Sf$b<«-3° -4-3° 

*L<«-2° -+2° r<3b£ 0 ^ U n l (D^BB 

1 a<D*SS#<a*. (Ill) rBXte ( 1 1 

i) is** vmti>h<D*7nwfl'bz^mtirz>cttit 

[0 0 2 3 ] ^iC, S3 (B) IC^T J: ^^C««1CD^ 
ffil a±CD^"«^77Ji2«, JgfrKDMOCVD (Metal 
Organic Chemical Vapor Deposition) EP^W^^ 
30 ISfb^^S^CctorA l Nfrt>f&Z>mi<Dm8£ 
GaN*6SJ4*2©I9 4 4^iMl>rS®-r S C 4 CC 

tc p &>> y n >#*saos« i ^mo c v ummco^ft 

MrtiClBSL. 9 5 0 - Crttl 0^TS<OV-^)l 

r--y>y**ur*H©M{b«*i»*'r*. ^c, 

H 3 (T>^:^T) ^X4»6 5*WW«J»&Ur, £« 1 
*<DSBBK:/5S^1 0 nm©A 1 NB*P6fi5cSSU 

on 8 zm$tir& 0 i c^tti^aa^ 1 

40 1 2 0°C4 U/cf^C, TMA^/X<D8KSBP^A 1 

1^63/imol/min, NH 3 ^CDiffiSIP^N 
H 3 Ofltt&«%Jft0. 14mol/mini U/c e tlv 

s« i commum* 1 i2o°cii, tma^/x© 

A) «XiNH, (T>^^r) #X±*tt9 0 8ffi|« 
*&Lr, »«1(Z>— *OiB«:^S4ifc±EA 1 N*» 
6«*»l<D»8©±Btc, »3ft3Onm0n»OG 
aN*6JiJ4»2©IB9*Jgflc-r& 0 *^j5fe^ari3:, T 
MGtfA<DffiMW%GaL<D&j&m&m6 0 /zmo 1 /m 
50 in, NH 3 ^'XCD^aiP^NHa ©«*&**^0. 1 
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4mol/mini btc a ^jSflTCtt. ±i£(DA 1 N 
is>hf8LZ>m \<om 8 ±G a N^e>fi£-5»2(DJ19<DffM 
*2 OHI^OilUrA 1 N^6ffiS»l©i8iGaN 
*6JS)c4i2(DB9 i©^ftr4 01^13tl/c^y 
7rl2m #7iftA 1 Nfr&jg&£&14>ll8. Ga 
N*»€>JiS5»2 ©« 9 5 0 ■flPOffiKOftCC 

[0 0 24] ^tC, A' 9 7 7B2O±I«:a»I©M0C 
VDS(Cj;otHEM 3 £0>£T 

ocvDaiofiusrttcEiut. stssrtccasrh 

1^)5 0 0 nm<D/S*©*K-^GaNEP^a»«Jf^5E^ 
JK»*£*ttl>GaNfr6«£W^fT»l O^BgLf 
£ e *(W«r«TMG^Oj»«in%Ga©«IMit 
^6 2 Mmol/m i n . NH 3 #*<DS£SB|J^N H 3 <D 
«*S§£^0. 2 3mol /m i n £Ufc c 
[0 0 2 5 ] ^tC, ECTrtTMAtfXiCCTMG*/* 

tr>*^r^*8 5»n«lftL/r«^*fTlii ocd 

□ .iGa 0 .sNa>e>j£5*-^--!fJBl 1 * 7 n m<Dj?#CC 
^SS^ri*, TMA^©iSlIP^A 1 CD 
(£*&»*#*J8. 4/imol/min, TMG#*(D*S* 
ttl 5 umol /m i n. N H 3 #*<Djffi*£fa0 . 2 3m 
ol /m i nil/Co 

CO 0 2 6 3 ^tC, ftl 5«ffiWSftJsSfi**»rLfc«. 

S i H 4 (>"?>) #X£ft9 8W«ftUtX^ 
11 10±ffi&CA l (ll Ga,.,N*6(t««»il 
2£*ftl Onm<DJW*CCjgJ58-ri. CCD 
B*©TMA#*©^**#J8. 4 /umol/m i n , TM 
G#XCDSKB£^1 5 /imol /min, T>^^T^7^ 
CDiftS£$j0. 23mol /mi n, SiH 4 ^©$I 
*jB2 1nmol /mi n£Ltc 0 
[0 02 7 ]*©», ¥*»««3R^^7tI20 
M5n/c>yn>lg l 4MOCVDSt*j&Kl) Hi 

7 ^Jl0 0nmi*rSo 

[0 0 2 8 ] m HC^lfiCDHEMT^Snr^S 

fflLr*»©HEMT*l§|BSCC^S 0 CCDtctb. V*Y 
VW?y 3Stfb'*"?* (BC I 3 ) i*S 

3 Rtf /< 97712 OX^MtC«S/ 'J n > 
Ifilitx^^^U HEMT<D3R-?-»BI*?f 5o 
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[0 02 9] 7*F'jyy77-f-i7»»Rx 

^fflt^T i (?^» iAl (TJbS-'jA) £JIH# 
SMJBfiSU y7h*7LtV^*fi4 4 FU^>i 

Pd , Ti , Au (£) £^ 

»U «J7 h*7ltS/3 7 h^»J7«Si(/rOUi 

io tt*^rr*y-hmi6*»j«"r&. 

•««rW8^«|UrfflJ!MbLfc^««6B (HEMT 
[0 0 3 0 ] **jWBJBOHEMT«CJ:n«, ^<D»* 

( i ) finx hr*"3jaojnxefefit^yn>*»6 

20 ( 2 ) SS l ©— *co=Effi(c»J5S3 hfcfc-WEttflss/ 
i ;r3>iCaNi(DrBl©fii^:Wr^A 1 N^e>^RSHlCD 
«8<h»2<D«9<h:fr6j££^9:7T»2tt, i/»j3> 

£ D CCDM*. ^-;7 7i2©- ^T<D^BCC % GaN^ 

1 ©— ^O^WC GaN¥«f*©#0Cj;or 
M^y7 7 MMlfcJi^ ^'Ja>iGaNi 
30 «tST-SSK(DM^*l»/c«), C©/< ^ 7 r JiCDiffiCC 

(3) a i N&hf&z>mi<Dm8±G8iNfrt>m2>m 

aN^A 1 N(Dm-m&*>ffif&$ti2>1SM^v V tM^C 

iHRurwartefijssasttsci^raf-s. ccd/c 
^777i2im^77xiift66^, ccd 

/c*6 v ;<y7 rB2<Z)J:tC?gfiS;3n^xf^*^^;U^ 

40 emw%mm*m& 3 (Dte H B H ^ffi<Dffi®£+#cc/j^ < 

%Z>o tKDJftK, b->^*7#1±<DM#&HEMT£ffi 
( 4 ) lfil»7 7^ TKUt«Lrlfte«*CC«*i 

( 5 ) >ss 1 «»bft*f b^^fticjt'* 

50 r«kKSR«K*s/hSii*. J»PPKCc4BHofc5lo5BOS 
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1 i^^fai 0icDP5©A 1 GaN/GaNOSI 
Jl 1 0 BP% * + ^©^FffiJKSrif:? r 7S«4fffl 

i/fcH e MTtc tt« u r mmm ic -r s c t #-e * . n^- 

j£ff Jl 1 0 BP*> ? + * ;KD^- h mnzm'por KU-f 
>HiJfD£ **** £ C A: *5FT#6 
[0 0 3 1 ] 

[SBf2©H*B^«] ^{c. 04£#ffBLT»2©li*6»j 
.SOME S FET^tS. flu 04 fCfcl^T. 0 

WZ&W&-?&. 04 ©ME SF ETB, 110HEMT 

<D¥mwm.M3 nf^»itt s i # p-^sn 

fcGaN {fc^BN^ftJl*' 6 f& 6 n 3 a * 

mi. c<ommi tm—icBi&utc&wiibz. bp 

04 ©ME S F E TGCtel^T, i"Ja>ltL 

@6 . m.mm7 urn 1 risi— w-9t?^-r*>©ira«(cj^ 

fiSSnrt^o n 3 att*v+*JWBXttffi 
tt)l£&I^C£#r£& &©-?£> 9 . a.;7tB2® 
±JCffiBS*lT V-X«ffi4R2>*y- h^®5« 

a. 

[0 03 2 ] @4©MESFETOGaN*iW«3 
aJM#©«jt#ffi«. JBl©HJtJ^MIil5I— rft*. G 

J&SBStC mm L ItMH&mtolC TMG^iNH 3 ^i 
S i H 4 (->7>) *'X^4 5 0Wft»U, »® 
1 ©— *©EEffitCffM3n/c^' 77?B2 ©±M&C. J» 
3»150 nmOni^SiSa^M-rS. *H 
ttWCtt. TMG*'XOlE BP%Ga©#Mft*£ifc6 
Oymol/min, NH 3 #*©i£SBP-fe NH 3 ©{£if& 
fi£0. 2 3mol/min, S i H 4 t}^<DMM. BP 
% S i ©flt*&B£ 2 1nmol/miniLfc„ 
[0 03 3 ] 04 ©M ESFEKJ, 0 1 ©H EMT© 

^©ttwow-ca^fc ( i ) (2) o) (4) tm 

tttttt3 a©¥*t£RC«Sftt4*ft< fSCi, ME S 
[0 0 3 4] 

m 3 ©nsfe^^] i so'i 2 <D^mBm(DJ< vv 7 

»2©«fiJE***SCi#'C**. H5B. HEMTS 
O'M E S F E T^fBfflnJffittilJ 3 ©|g^«{C«£3 

?12 a©— W>*m-?. C©I5©^5-77§2a 
tt. «^t©^l©H8a<t1g|j[<k©^2©)19ai^^ 

mcmmhtcbofr^mz. ^i©g8a«. 
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ik¥5£ A I, I nvGat-.-vN 
CCt, x. y«. 0<x^ 1 . 
0Sy<l, 
x+y^ 1 

^tl-S, SP*>. ^l©@8a». A 1 N (mitTfrZ- 

AlGaN (^t*'^A T)l>Z~<5&) . 
Al InN (SftOyjA 7^5-"7A) . RCKA 
IGalnN (HW'J^A -C>^^ATJU5->^ 

io A) a>6iiiR3ft/c4>©-Cff^;**a£ 0 05©H»S 
"C«. mfiB5£©x#0. 5. y#0. OliStifc^ 
ictg^-r^A 1 ,., I n 0 ., 1 Ga.. 49 N*imi©JS8a 

taRmsti-n.**. ^i©ji8a«, mm&zmr&m 
<m>m-v$>*>. Ttos-y^i-sstsmi ©is a©t§ 
^•s«acf «WKss««»«i/ u =i >»« i ©#masacf 

i©p^©fii^-r-5„ 

[0035] ®2©I9att 
-ftm A 1 . I n t Ga,.,. b N 
20 CCT, a. btt. 0^a<l. 
0^b< 1 . 
a+bSl 

S¥#»©ifC>BI'C*S. BP^. S2©19a(Jm« 
GaN, A 1 N, InN. InGaN, AlGaN. A 
1 I nNSM 1 I nGaN*>€>aWSti?tfe©r»fiS 
StlSo 0 5 ©HJfe?f5S!-C«. buIBS© a # 0 . 0 5, 
b#0. 3 5iStifc*m«:ffl^r*A 1..., I n.., s 
Ga,. ( N^2019a(Cfffl3ntl^„ St2©)l 

30 9 a ©ffis^ t t ©r^© ** + v y BP % > < > K +* 

+ 7"*^ i cd@8 a ©A> F+'-f y yj: 0 fe^C^L^ 
[0 0 3 6 ] ^CC, f 1018a*iAl,. 1 In,. 01 G 
a,.„N, f 2©19 a.ifiA. lo.<, s In 0 . 3S Ga.. 6 N 

Ti2a»ii <ommm t ra»ait« 1 ©*s 1 a ± 

D (Metal Organic Chemical Vapor Deposition) 

m^m^mit^im&mc «t -,-c a i ,., i n „. oa 

Ga.. 4 ,N*>6^-5^1©)18aiA l„.„ s I n 01s G 
40 a 0 . f N^6^S^2©J19 ai^iILr!B)l-r-2.C 

tK«tot«isn. bp%. -> , ;3>m$ss©a«i?r 
--y>y*jfci/-c*iii©iWfc«*i»*-r*. ^cc, js 

rS*F*l(CTMA ( r 'jy^;ur;U5^-^A) TM 
g ( h yy^-ji/^y >?a) ax, tm i n ( h 

-f>i?^A) **7iNH3 (T>*-T) **^.?r^j2 4 
WHUBteOT. S« 1 ©-^©iiBtC^? T3*J^5 n 
mBP^i^5 0t>^X hP-AOA 1 o.s I no.oiGa 
o. 45 N^6fi)c^.^l©®8a^lfM-r^>„ *^*fe^-C« 

so wr i ©ftiisiaa^ 8 o o "ci vtcmc. tma ^/x© 
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m&W%A \<Dm&&*mi 4 umo 1/m i n, TM 
G#X<DS£fi£ 3 1 u m o 1 /m i n . TM I n #J*<D 
ifit5:4 7/imo 1/mi n, N H 3 ^fX<Z>Sf£fifiP% N 
H a ©«»&S*ttO.. 23mol/minilfe B tifcl* 
T v TMA#X, TMG^MTMIn^Ofi8&* 
±», 1 <D/n»&»a* 7 5 0 °C$ TTFtf , 
f& TMA#X S TMG^, TM I n#X, MNH 
, (T>*~T) ^%»8 3»HMUt, SfllCDB 
8aOif{C 4 J*ST2#3 0nmBP%3 0 0^>^X 
ha-ACDA 1 0 . 05 I n 0 . 35 Ga 0 . 6 NW^2© 10 
19a4Mt5 0 &*s, SiH 4 ^W(cil&L 

&. *^S»«|rtt, T MA 2. 8m mo 1 

/min, TMG#X0^M4 6/imo 1/m i n, 
TM I n^(D$M5 9 urn o 1/m i n, NH,# 
^©iJfflBP%NH 3 (Dfltt&S*jKjO. 2 3mol/mi 
nil/Co afcllJfcWrW:. _hi(DAlo. 5 In f . 01 Ga 
o.4 9 N^6^6^1 (DMS aiAl Q . 05 In 0 . 35 Ga 
...N*>6J5RS»2<DJ19 a©»j5K* 1 OBttOigLT 
A 1 0 . 5 I n 0 .oiGa 5 . 4! ,N^6^51 1 CD/18 a <bA 20 
1 p. 05 I n 0 . 35 Ga 0 . 6 Na>e>J5££^2<DJf 9 a 

U.s I n 0>oa Ga 0 . 49 N^6^» 1 CD/88 a, A 1 0 
.os I n 0 . 3S Ga 0 . 6 N^6/?£&^!2(7)J!9 a^^ti 

[0 0 3 7] H5©*30^^«©A*:7TJi2 att 
B2 aCC>f>^»5A*$«>ai>iS^J:0fe>'<^^TB2 . 

a(D<»»a«»*->y 3>«Riccififfis**ci3Wr 30 

[0 0 3 8] 

rl2btt, @lS[>14(D^7 7 7l2^L/cfe 
<DV$>K) s SlMi2(Di8b, 9b<DSSaB*3^ 
6/&& 0 mi<Dg8 b«, 
<b^5£ Al.B.Ga^N 
CCr, x, ytt, 0<xSl l 
0 ^ y < 1 v 

x + y ^ 1 40 

3*TS. HP%. »1018bB, A 1 N (S^bT^U^^ 
^A) , A 1 G a N (gfbtfV^A T^S^A) % 
A 1 BN (Mb#U> T;l^~^A) % R[/A 1 BG 
aN (mitXVVJ* r;U 5 A) 

©x**o. 5, y^oiShfcttwcctaa-rsA u. s 

Gao.jN^SKOISbCCftSSntC^o f 
8'btt, »IW4*«r*ffiWl>B|-r*5. Il(D18b 
©♦S^jettRC/IRIKKfifiKJiSI 2 (Dip 9 b cfc 0 ^ U ra 50 
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[ 0 0 3 9 ] m 2 CD/1 9 b tt, 
fb3*5£ A l.B b Ga 1 ... b N 
CCr, a v b«. 0 ^a< 1 , 
0^b< 1 , 
a+b^l 

**a»«c©»t**lr*4. BP* % »2(D»9bttAK 
BR^Ga^6ii!R$tl/c^cC< loO^iNi 
W^liGaN. BN, A 1 N, BG a 
N, A 1 GaN, A 1 BNMA 1 BGa N*»e>jStRS 

a#0, b**0. 3<hSn/c**^CtB^*rSB 0 .3Ga 
0 . 7 N^2O19 btCffifflSnrC^o I2(D19b 

^»1©18 b©A>F¥t ^^<fc0fcA*^. 
[0 04 0 ] ^^7 7 12b«ifil(D (lll)yt 
X rffi£WT£3Effil a±tCSfc]<DMOCVD (Metal 

Organic Chemical Vapor Deposition) BP^W$I# 
BMb^afflfiKSSCCcfcorA 1 0 . 5 Ga 0 . s NH^ 
1 CO/1 8 b £B,. 3 Ga 0 . 7 Njfc6J5R£»2<D»9 bi^: 

1 ?:MOC V D^gORlS^rtCCiBg 

u ^-v;i/T^-y>y*^LrascD^bra 

^^A) TMG ( F y y ^;l/*ry ^A) 

NH 3 (T>^^T) ^4ft2 7#flttl&L/r 4 S« 
1 1CD— *©iffitC/S3Tl*5^5nmfi|I^W5 0 ^> 
rP-ACDA 1 a. s Ga 0 . 5 N*^fi£S® 1CDJS8 b 
*MtSo l ©Jna&fiffi* 10 8 0 

°C<t UfcfftKl, TMAtfXCDiftMPfc A 1 
3 1 umo 1/m i n, TMG#*<DS£g£ 3 1 umo 
1/min, NH 3 *>Z<DmmW%NH 3 <Dmi&&>l:m 
0. 1 4m o 1 /m i niWc, TMA^(D 
«if&£±<&, S« 1 <DjJDl&iaK* 112 0 °C£-CTW\ 
0*>£8L TEB ( h yx^Jl/sKo» TMG# 

mi (DMS bCD±ffitC, /?ST2*S3 0 nmBP%3 
00t>^X h P-ACOn^cOB 0 . 3 Gao.7N^6^S 
H2CDH9 b^rMf^ 3&fc, IHJB^CS i H^X* 

bx-z&o xmmmmz. teb^<dsk«bij%#p> 

©^«&a*7 5 Mm o 1 /m i n , TMG^'XO^SIP 
*>tfVOA<D&t&W&6 3 umo 1/m i n, NH,* 
XCD^SIP^NH 3 CDtt^fi^0. 14mol/mi 
nil/c 9 *^»Wr», ±j3iCDA 1 }i5 Ga Dii N^ 
^€>^1 CD/18 biB B .,Ga 0 . 7 N*k6JiS«»2CDJB9 
b<Dftm%5 Olel^OilUrA 1 B .,Gao. s N«5 
JglCD/18 b t B..,Ga,. 7 N^6>J5»-5*2 0»9 b t 
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#?f&A 1 o . s G a o . s N^^Efc&H 1 ©Jl 8 b * 
£. B 0 . 3 Ga ( ,. 7 N^6f!£-5.S2CD®9 b?r-e-n^tl2 
5 J13£©ffig©gcK:^;?.£ C t fcT* &„ 
[004 1 ] 0 6©^;>:7yJ12 bSiil ©A»7 7 i 
2ilHfi|%^?:^u. H(C. I£2©J19 bJt;KP># 
^*ntl,>50r, HS2©J19 b#s*'P>£^£&l,>*B 

B9 b^tfc$5Wil<^-rSCi*5-C^.5<!:C^^?: 

[0 042] 10 

£t<. m«^©^*SpJH**>©r*-2>. 

( 1 ) Sfil 1 4*tSS-> 'J 3 >feW©^SSJI:> D n 

(2) ^«i*M«3. 3 &o>&m<Dmt&MzmmM£ 

(3) ^2S^«3. 3a©#I?:, GaN (M<b# 
y^A) . Al InN (^-fb^>>^A TfrS.-V 
A), AlGaNtlM'J^A TJUS-^A). I 
nGaN (g-fbtf'J^A -Ov^A) . RZ?A 1 I n 20 
GaN(^{b#'J9A ■i^Wl* T^5~-i7A)#> 

eawsn^k^ A^{b^*«ftx«a{b^ > 
y -5 A^{b^j¥«* t •? h c i #sr # & „ 

(4) llOHEMTiCteUt. «tt«BP4«?g£ff 
110i^?7Ti2i ©Iffltc*-?«*&JB 1 2 £ IBJ8& 

(5) HEMTSO'ME SF ET©ftO«:^y- h 
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(6) a»7tS2, 2a, 2b©^l©88. 8 
a. 8 b©£$t£lfl2©J19. 9 a. 9bJ:Hll^< 
lt»*5.7rl2, 2 a, 2 bO«±l^l©i8, 
8a. 8bit5Cim5. j£{C02©@ 
9. 9 a. 9 b©$t£3!l©II8, 8 a, 8b©»if) 

(7) m©H8. 8a, 8bRO'l2 0l9, 9 
a. 9bW. C*l6©«tt*ffl#L&t>*H-C*tt»* 

&©•??& J; 

[01] ##6W©» 1 ©IIMJSUCft5©H EMT£1gt 

[02] il0HEMT©?ffl-C$>5 o 

[03] 0l©HEMT©1f®£MiiI!IJ«{Cjfc*;O-C 

[04] m2©j|Jg^Si©MESFET*^-r»iffi0-C 

[ 0 5 ] * 3 <Dm&Bm>m& t^-jVr M©-gP£* 

[06 ] SS4 ©jl«f5*g©««£ Ji »?t m<D-8HZm 

t»riia-c*s. 
[*Ht©i&9j] 

2. 2a, 2b ^vVrM 
8 . 8 a , 8 b mi ©H 

9 , 9 a , 9 b W2 (DM 

3. 3a ¥m&m.m 
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F £ — A (##) 5F045 AA04 AB14 AB17 AC01 AC08 
AC12 AD12 AD14 AD15 AF03 
BB08 BB12 BB16 CA06 CA07 
DA53 DA54 
5F102 GB01 GC01 GD01 GD10 G303 
GJ10 GK04 GK08 GK09 GL04 
GL08 GL09 O104 GM06 GM08 
GM09 GM10 GQ01 GR01 GT02 
CT03 GV07 HC02 HC21 
5F140 AA24 AA34 AB08 BA06 BA20 



